Epstein-Barr virus (EBV) DNA has been recognized as a promising tumor marker for nasopharyngeal carcinoma (NPC). This study aims to demonstrate the prevalence of plasma EBV DNA and its temporal correlation with treatment outcomes in the modern era. A total of 204 patients with Stage I-IVB NPC treated with intensitymodulated radiotherapy (IMRT) were enrolled. Quantitative plasma EBV DNA measurement was performed before treatment (pre-IMRT), on the fifth week of radiation (mid-IMRT), at 3 months after radiation (post-IMRT), then every 6 months until disease relapse. Progression-free survival (PFS) and overall survival (OS) were analyzed using the Kaplan-Meier method. Plasma EBV DNA was detected in 110 patients (53.9%), with a median pre-IMRT EBV DNA level of 8005 copies/ml. Significant correlation was noted between pre-IMRT EBV DNA level and disease stage, but not between pre-IMRT EBV DNA level and World Health Organization classification. With a median follow-up time of 35.1 months, the 3-year PFS and OS rates were higher in the group with undetectable pre-IMRT EBV DNA level compared with in the group in which it was detectable. When classified according to disease stage and pre-IMRT EBV DNA, patients with early disease and detectable pre-IMRT EBV DNA experienced poorer survival than those with locally advanced disease and undetectable pre-IMRT EBV DNA. According to the dynamic changes in EBV DNA level between pre-IMRT and mid/post IMRT, survival was significantly higher in patients who achieved an undetectable level following treatment. On multivariate analysis, post-IMRT EBV DNA level was the strongest predictor of all treatment outcomes (P < 0.001). Our study demonstrated the clinical significance of the plasma EBV DNA level at specific time points, as well as of the dynamic changes in the EBV DNA level. Disappearance of plasma EBV DNA after treatment was associated with better survival.
INTRODUCTION
Nasopharyngeal carcinoma (NPC) is an endemic head and neck malignancy in the Asian population. In Thailand, the annual age standardized rate is~2.8 and~0.9 per 100 000 in males and females, respectively. [1, 2] In addition to genetic and environmental factors, Epstein-Barr virus (EBV) infection has been strongly associated with the etiology of NPC [3] [4] [5] [6] [7] . Studies have demonstrated that when EBV DNA is detectable in tumor tissue, it is also detectable in patients' serum/plasma. Thus the serum/ plasma detection of EBV DNA indicates the presence of tumor EBV DNA [8, 9] .
The quantitative measurement of EBV DNA in plasma using real-time quantitative polymerase chain reaction (RTQ-PCR) has illustrated a correlation between EBV DNA concentration and disease stage; thus, it can be implied that the level of circulating EBV DNA may reflect the tumor burden [10] [11] [12] [13] [14] [15] . In addition, many studies have explored the value of determining the plasma EBV DNA level for a range of clinical applications: as a promising marker for tumor detection, for disease monitoring and for prognosis for NPC [11, 13, 14, [16] [17] [18] [19] [20] [21] .
However, these studies have involved different treatments, including a variety of radiotherapy techniques, radiation dose and schedule, and chemotherapy regimens. Hence, the treatment outcomes may differ from those achieved with treatments currently practised. Additionally, the data regarding temporal changes in plasma EBV DNA level in NPC patients is limited. The goal of this study was to determine the prevalence of plasma EBV DNA detection among NPC patients and its temporal correlation with treatment outcomes in the modern treatment era. Furthermore, we aimed to investigate the prognostic value of EBV DNA level for risk stratification and survival outcomes.
MATERIALS AND METHODS

Patients and treatments
Data was obtained from the medical records of Stage I-IVB NPC patients. The inclusion criteria included treatment with definitive Fig. 1 . Progression-free survival (A) and overall survival (B) according to pre-treatment plasma EBV DNA level and progression-free survival (C) and overall survival (D) according to staging and pre-treatment plasma EBV DNA level. PFS = progression-free survival; OS = overall survival, U = undetectable, D = detectable.
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Group guidelines were applied for target delineation. High-risk planning target volume (PTV-HR) was defined as the primary tumor and pathologic lymph node with an appropriate margin, and low-risk PTV (PTV-LR) was defined as PTV-HR plus the elective lymph node region. The treatment consisted of definitive RT with a total dose of 70-74 Gy and 50-56 Gy in 33-35 fractions to the PTV-HR and PTV-LR, respectively, in combination with or without concurrent chemotherapy, depending on clinical scenarios. Various kinds of concurrent chemotherapy regimens included weekly cisplatin (n = 169) or carboplatin (n = 8) and triweekly cisplatin (n = 12) or carboplatin (n = 8). Adjuvant cisplatin or carboplatin with 5-fluorouracil was administered in 190 patients (93.1%), with a median of three cycles.
Quantitative measurement of plasma EBV DNA level DNA extraction from plasma was performed using the QIAmp DNA Blood Mini Kit (Qiagen, Germany). Plasma DNA samples were quantified for EBV DNA using a RTQ-PCR system targeting the BamHI-W fragment region of the EBV genome and 2X TaqMan reagent (Roche). Amplification was carried out using a LightCycler® 2.0 Real-Time PCR system (Roche Applied Science).
A plasma EBV DNA concentration of <600 copies/ml was defined as an undetectable level in our institution.
Evaluation of the plasma EBV DNA level at various time points
The plasma EBV DNA level was recorded according to the time of treatment as divided into four phases as follows: pre-IMRT, mid-IMRT, post-IMRT, and plasma EBV DNA level during follow-up or at the time of disease relapse (relapse-EBV DNA). Dynamic changes in the plasma EBV DNA level were classified into four categories: (i) undetectable pre-IMRT EBV DNA followed by undetectable mid-/post-IMRT EBV DNA (U pre -U mid/post ); (ii) undetectable pre-IMRT EBV DNA followed by detectable mid-/ post-IMRT EBV DNA (U pre -D mid/post ); (iii) detectable pre-IMRT EBV DNA followed by undetectable mid-/post-IMRT EBV DNA (D pre -U mid/post ); and (iv) detectable pre-IMRT EBV DNA and persistently detectable mid-/post-IMRT EBV DNA (D pre -D mid/post ).
Statistical analyses
Distant metastasis-free survival (DMFS), progression-free survival (PFS) and overall survival (OS) were analyzed using the Kaplan-Meier method and the log-rank test. A univariate logistic regression model was used to examine the association between clinical factors, EBV status and survival outcomes. A multivariate Cox regression model and the Chi-square test were used to determine the correlation between plasma EBV DNA and treatment outcomes. Factors with a P-value of ≤0.25 in the univariate analysis were entered into the multivariate Cox regression model. All tests were two-sided, and a P-value of <0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS statistics (version 22.0, SPSS Inc., Chicago, Ill).
RESULTS
Between March 2010 and September 2015, a total of 204 patients met the inclusion criteria. The median age was 49 years (range, 11-78 years) and 73.5% were male. Approximately 82% of the patients had non-keratinizing undifferentiated squamous cell carcinoma subtypes. There were 110 patients (53.9%) who had an initially detectable plasma EBV DNA level, with a median baseline EBV DNA level of 8005 copies/ml (range, 817-281 000). Patient and tumor characteristics are shown in Table 1 .
Plasma EBV DNA level correlated with disease and treatment outcomes
The median values of pre-IMRT EBV DNA levels were 2755 copies/ml (range, 2350-3160), 10 455 copies/ml (range, 2100-281 000) and 8005 copies/ml (range, 817-281 000) for WHO Type I, IIA and IIB, respectively (P-value = 0.019).
A total of 33 patients experienced disease failure: 10 patients (10.6%) in the undetectable pre-IMRT EBV DNA group and 23 patients (20.9%) in the group in which pre-IMRT EBV DNA was detectable (P = 0.057). With a median follow-up time of 35.1 months (range, 1.6-77.4 months), the 3-year PFS and OS rates in the undetectable group were 86.6% and 94%, while they were 66.6% and 80.8% in the detectable group, respectively (P-value = 0.005 for PFS and 0.028 for OS). The corresponding estimated 5-year PFS and OS rates were 74.5% and 82.6% versus 64.9% and 67%, as demonstrated in Fig. 1A and 1B . Similar significant findings were demonstrated in the temporal changes in plasma EBV DNA level, with the strongest association shown in the post-IMRT EBV DNA. The estimated 3-and 5-year OS rates in patients with undetectable post-IMRT EBV DNA were 89.7% and 76.1%, but only 18.8% and 0% in the group with detectable post-IMRT EBV DNA (P-value < 0.001).
We classified patients according to stage and pre-IMRT EBV DNA status into four different groups: early stage with undetectable (Stage I-II U) and detectable pre-IMRT EBV DNA (Stage I-II D), and locally advanced stage with undetectable (Stage III-IV U) and detectable pre-IMRT EBV DNA (Stage III-IV D). We found a significant difference in PFS (P = 0.047), but not in OS (P = 0.135), as shown in Fig. 1C (D pre -U mid -D post ): three of them developed distant metastasis at 4.3, 6.4 and 19.5 months, the other died from non-cancer cause at 35.7 months after treatment. The 3-year PFS rates were 36.1%, 70.5% and 86.5% in D pre -D mid , D pre -U mid and U pre -U mid (P-value < 0.001), corresponding with 3-year OS rates of 76.9%, 81.3% and 93.9%, respectively (P-value = 0.061). According to post-IMRT EBV DNA status, the 3-year PFS rates were 73.9% and 84.9% in D pre -U post and U pre -U post , respectively (P-value < 0.001). The corresponding 3-year OS rates were 85.8% and 94.1%, respectively (P-value < 0001). Survival according to the dynamic changes in post-IMRT EBV DNA level is illustrated in Fig. 3 . Relapse-EBV DNA level was elevated in 23 of 28 evaluable patients, with a median level of 13 300 copies/ml (range, 1310-144 000).
Univariate and multivariate analysis
Binary logistic regression model analysis revealed that T-stage and detectable plasma EBV DNA at any time point were significant prognostic factors for distant failure in univariate analysis. Advanced T-stage (T3-4) was the worse prognostic factor for distant metastasis and PFS. Detectable post-IMRT EBV DNA was the significant predictor of distant metastasis, PFS and OS (P-value < 0.001). Advanced age was a poor prognostic indicator for both survival outcomes (Table 2) .
DISCUSSION
We have clearly demonstrated the significance of the plasma EBV DNA level as a useful tumor marker in NPC patients, for disease monitoring and for prognosis. We used pre-and post-treatment plasma EBV DNA levels, and the dynamic changes in the level during and after treatment, for these purposes. We also performed risk stratification at initial presentation by considering pretreatment plasma EBV DNA in conjunction with disease staging. This strategy could lead to appropriate treatment selection in an individual patient according to initial risk of tumor recurrence and response to treatment.
Plasma EBV DNA level has been demonstrated as a useful tool as a reliable tumor marker for NPC owing to its high sensitivity and specificity [7, 11, 19, 21, 23, 24] . Using the RTQ-PCR commercial kit, we found that the prevalence of a detectable plasma EBV DNA level in our NPC patients was 53.9%, with the median EBV DNA level being 8005 copies/ml. Previous studies have revealed high detection rates, varying from 70-96%, with the median EBV DNA concentration ranging from 573-21 058 copies/ ml [14, 15, 20, 25, 26] . The relatively low detection rate in our study might be due to different PCR techniques and the low sensitivity of our test, which specified >600 copies/ml of EBV DNA concentration as determining detectable status.
According to recent meta-analysis proposing a systematic risk stratification model using plasma EBV DNA level at different time points [26] , we classified our patients based on disease staging and pre-treatment plasma EBV DNA level and found that early stage NPC patients with undetectable pre-EBV had the best prognosis, while those with locally advanced disease and detectable pre-EBV had the worst survival. Surprisingly, patients with early disease but detectable pre-EBV experienced poorer PFS and OS than those with locally advanced disease but undetectable pre-EBV. This indicated the significance of pre-treatment EBV DNA level combined with disease stage in terms of prognostication, and may be justification for future treatment based on initial disease presentation; however, further validation in larger prospective studies is required.
A study of 107 NPC patients revealed that detectable mid-IMRT EBV DNA, defined as the plasma EBV DNA level at completion of 4 weeks of chemoradiation, was associated with an unfavorable treatment response and reduced OS [25] . We similarly discovered worse outcomes in the persistent mid-IMRT EBV DNA group. Notably, there was one patient whose mid-IMRT EBV DNA was detectable, despite undetectable EBV DNA at the beginning; plasma EBV DNA later became undetectable, and the patient remained in disease remission for 22.6 months (the time of last follow-up). A falsely positive result is one plausible explanation concerning this patient's data.
Moreover, the present study demonstrated the clinical significance of dynamic changes in plasma EBV DNA level along the treatment course. We revealed that disappearance of plasma EBV DNA, both mid-and post-IMRT EBV DNA levels, was associated with better survival and reflected a favorable treatment response. However, when post-IMRT EBV DNA level was incorporated into the multivariate analysis, mid-IMRT EBV DNA level failed to show its significance because of the greater predictive value of post-IMRT EBV DNA for DMFS, PFS and OS. This emphasized the importance of posttreatment plasma EBV clearance in association with clinical remission in patients who have initially detectable EBV DNA [20, 27] . Thus, attempts to modify patient treatment according to dynamic changes in plasma EBV DNA and tumor response might be made. For example, adjuvant chemotherapy might be offered or intensified in high-risk patients whose post-IMRT EBV DNA has sustained a detectable level. On the other hand, low-risk patients who had initially undetectable pre-IMRT EBV DNA and a favorable treatment response might not gain any benefit from adjuvant treatment; as a result, side effects from chemotherapy could be avoided in these patients. However, further studies on individualized treatment in a large prospective randomized study are awaited. An ongoing randomized study (NCT02135042) in NPC patients is investigating individualized treatment based on posttreatment EBV DNA status, defined as the plasma EBV DNA level at 1 week after chemoradiation.
The limitations of our study are its retrospective nature and short follow-up time. However, the advantages of this study are the modern IMRT technique uniformly performed and the use of a commercial kit for RTQ-PCR (available in many hospitals, offsetting the relatively low sensitivity test).
CONCLUSION
The current study has confirmed the significance of plasma EBV DNA as a promising tumor marker for detection, monitoring and prognosis in NPC patients. We reported the detection rate of plasma EBV DNA in Thai NPC patients. The pre-, mid-and post-treatment plasma EBV DNA levels, as well as the dynamic changes, were observed to be significant predictors of treatment outcomes. As a result, measurement of the plasma EBV DNA level is to be encouraged in routine clinical practice. Personalized treatments based on risk stratification and treatment response are awaited in the future trial.
